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THE QUESTION OF OPTIMIZATION OF THREE-DIMENSIONAL MANEUVER OF ORBITAL

APPARATUS IN THE ATMOSPHERE.

V. T. Pashintsev.

Nt A i, M RO A0 R i ATt g 1 e = NN Bl




DOC = 83087401 PAGE 2

Page 2.

SUMMARY .

Is examined the problem of the aerodynamic rotation of the plane
of the motion of the flight vehicle, which realizes deorbit of 1S8Z
{UC3 - artificial earth satellite] into the dense layers of the
atmosphere, with its subsequent escape to assigned flight altitude
above certain fixed/recorded by point earth's surface. Are indicated
the sufficiently simple methods of the construction of the
approximate program of control by roll attitude, that makes it
possible to satisfy limitations to finite values of phase

coordinates.
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Page 3.
Introduction.

The study of a gquestion about the optimal control of the orbital
apparatus, which accomplishes three-dimensional/space maneuver in the
atmosphere, is of interest in connection with the fact that the use
of lift-drag ratio on the apparatuses of this type makes it possible
to considerably widen the possibilities of their use/application,
also, in a number of cases to substantially decrease the
general/common/total power expenditures, required for the rotation of
the plane of the motion of apparatus, in particﬁlar on the rotation

of the plane of initial orbit [1].

The efficiency of the use of aerodynamic forces for the
accomplishment of the maneuver of orbital apparatus, until now, was
studied, és a rule, in connection with the problem about the rotation
of the orbital-plane. Power expenditures, required for the
accomplishment of maneuver, were evaluated according to the value of
ideal velocity, necessary for the compensation for aerodynamic drag.
It was established/installed, that the aerodynamic method of the
rotation of the orbital plane proves to be energetically more

advantageous in comparison with rocket-dynamics at the angles of
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rotation, which exceed Ai=7°-9°, and as the approximate law of
control of attitude of roll y with a sufficient accuracy can be

accepted program y=const.

In the present work the aerodynamic maneuver of orbital
apparatus (Fig. 1) 5n the initial phase of trajectory of deorbit,
which is characterized by the presence of intense reflections from
the dense layers of the atmosphere, is investigated. In this case the

use of engine thrust is excluded.




TN

N

( [

DOC = 83087401 PAGE 5
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Fig. 1. Profile of maneuver.

Key: (1). Terrestrial track of initial orbit. (2). Terrestrial track
of trajectory. (3). initial orbit. (4). conditioual boundary of the
atmosphere.

Page 4.

FORMULATION OF THE PROBLEM.

In spherical-high-speed coordinate system without taking into

account the rotation of the Earth the equations of motion of
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apparatus, which possesses lift-drag ratio, take the following form:

d_dt!-_—._g,%plﬁ—gslnﬁ:
C R e T
%%::Vsmﬁ, }
%’;_ - _V—clo—sTi- [—g—"{—’- pV?sin-.——E—?i’—! cosntg?] ;
%%==ch:mnn; . 05

dk VcosBcosn |
dt rcose ’

where

p=1pgye" ",

2 .
r=R+h, g:-_-go——'?"—, R=0637121.10° «,

. 1 7.
=981 acext, zsm{-’,

n - heading/course angle between the projection of velocity

vector on the plane of the local horizon and the parallel,
®, A - geographic latitude and longitude/length,

vy - attitude of roll of the apparatus (positive value ¥

contributes to an increase of 7).

Let us note that the motion of apparatus in the plane of

scanning/sweep, described by subsystem (la), does not depend on the
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angle of bank.

Let us assume to the piecewise-continuous control y(t) the
limitation of the form
Tmin S 1< Tous 2)
1s superimposed, and the functional, maximized on the final

diversity, isolated in the phase space by equations

2 (4)—3'=0;
M)~ N =0 (3)
. . h (tt) - =O»
is certaln value .
F=e (V) 8k, (). (4

The control 4(t), which maximizes I(y) with the the free t,, and
also the free moment/torque t, of the descent of apparatus from the
orbit, we will call optimum, and the corresponding phase trajectory

x(t), which'satisfies conditions (3),—§xtremal.
Page 5.
APPROXIMATE PROGRAM OF CONTROL OF ROLL ATTITUDE.
We will use conventional assumptions [2], connected with the

assumption of the smallness of angle 6#(t) and the smallness of flight

altitude h(t) in comparison with a radius R Earth:

sin®~0; cosb~1; r~R. . (5)
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Passing to the new independent variable/alternating/variable
angular flying range s, with the help of relationship/ratio
ds=(V/R)dt let us convert system of equations of motion (1) taking
into account (5) to the following form:

‘V——a,pV,

6=a,pcos~;—(gi@— ): ' (va)
h=R%;

n=a,psiny — cos 41g;

@ = sin%;

{ = CosT. (55
cos ¢

._R
t=-V.

where

s, R s, R a )

Entering in accordance with the principle of L. S. Pontriagin's

maximum [3], [4], let us register the function of Hamilton H and the

conjugated/combined system of equations:

H @, xn.T) = (mcos1+ pysiny) a,p—p,a,p V4 p, RIS
cos 7

+[—Pucosvatg9—pi(%€——- )+pxcoso+pvsinn]; (7N

b
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: 28R
Pyv=Py8,p— ‘;f;T'

i b'=—thv

Pr=—pya, Vzp L (pacost 4 pysiny) a, 0z,

. ) siny 8

Pr=—pystantge TPAcos? )
cossinyg

: 1
Py =Py COST cos’q — M costy

cos 7,

p=0.

Optimal control ¥ on open set of the allowed values 1is

determined from conditions [3]:

sln TO;! __:__p._‘_? N cog‘xo": ___‘_;2-.———2 s ‘l .' .
Voi+a - Yot }0 ®)
P'cosTov"f'p‘!meg{Z}ﬂ:s‘;j*d'? R N

where Vp,-}-p. >0- f:

J%'!'k ‘r;i"-v

Page 6.

Taking into account that in the problem H(pj %, 1)=0, R=const in
question, from (7) and (8) it is not difficult to obtain the

relatlonshlps/ratlos followlng equlvalent between themselves

prae

L
N

| pa-}-RP."’O:— e o L;_;—;W;,)‘.»__‘ (10)
p-+Rzop-+Rz(~—”——r) AReds . e D)
where a
Py=—PaRA+prz :‘—@-—1)—@‘.' - 12
pl—-_‘-pl P' v’ [y -, - N
g = — pycosaige + p; + Pysinm, Rz = const. (13)

cosq

iy St o RSPy 7 - Sper oy
- PRV
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Equation (11) in the range of the velocities, which do not
exceed circular (V<ygR), describes the process of forced

oscillations.

In connection with this function ps(sh and consequently

(according to (10)], and functior p,(s) they oscillate about the zero

values. Therefore, using certain averaged value of function psi(s), it
is possible to obtain the approximate program of control of roll

attitude.

Actually/really, if, for example, value p is determined from

condition (12), assuming/setting in the first approximation, px(s)

constant,
8
p'qzif_pli'_R__ , Prcp = coNst, (14
gR _
V‘l

then formula for the approximate program of control of roll attitude

will take the following form:

-z(gR —-l) Laa . (15
' Vs g+ Pacp RZ8
Comparison with the formula

tg1=(§£——l>%. (16)

of that being determining the optimum program of roll attitude in the

mode/conditions of quasi-stationary gliding/planning (6=0) shows that

4'-";
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the presence in denominator of expression (15) of value p,,R* gives
further information about a change in the instantaneous value of the
flight path angle 6{(s). This, in turn, gives the further possibility
to actively affect the flight trajectory due to the appropriate

assignment in (15) of the value of free parameter FPxce

It is characteristic that, in contrast to (15), formula (16)
defines attitude of roll ¥ at those points in the trajectory, in
which the second derivative of value P*» considered as the function of

argument x=1ln V/V,, takes zero values.
Page 7.

Actually/really, function m(x) with y</gR satisfies with

respect to the variational equation of the_form

° Rz g_e.. Rz !
.p’+a§91<v1—l)l"=??p,. . (17)

and, therefore, at points in the trajectory, at which py=0, value ps
is determined by the relationship/ratio
p‘u-——q——.
ER _ .
Use in formula (15) of the first integrals of system (6)

obtained by V. F. Illarionov (8) in the form
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J /
r—D: sin 3/ . - .
Pe -—__p, cgs —— sin \A._)\/).*_p;cos (A — ,_/)‘ l

pr—plsing (18)

Pr= 22T cos (h—WM) —-p{,sm (\—¥)coss +p{sln? }
cos 3/

makes it possible to express the instantaneous value of the

approximate roll attitude in the function of phase coordinates and

some constants of integration pi, ps, pi. Prcy, determined from the

boundary conditions of problem at the j-end/lead of the trajectory.

The need for the integration of interconnected circuit in this case

completely is excluded.

One should say that during the determination of the approximate
law of control of attitude of roll according to formula (15), valid
for open set of the allowed values vy, limitation (2) can be performed

via usual "truncation" of value 7.

FURTHER SIMPLIFICATIONS. STRUCTURE OF THE APPROXIMATE CONTROL OF THE
MODULUS CF ROLL ATTITUDE IN THE CLASS OF PIECEWISE CONSTANT

FUNCTIONS.

In spite of sufficient simplicity of formula (15), the
establishment of characteristic properties in the structure of
optimal control of roll attitude nevertheless remains difficult. In

connection with this let us pass to the examination of the

 —— e e e e e B R S P
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approximate control in the class of the pilecewise constant functions.

Let us consider the case of the single insertion/immersion of
apparatus in the atmosphere at first. We will count the initial orbit
of equatorial. Then latitude ¢ in (1) will characterize the
instantaneous value of the value of parallax relative to initial
orbit, the execution of the second of conditions (3) can be provided
with the appropriate selection of the moment/torque of the descent of

apparatus from orbit t,.

Will introduce into the examination the conditional boundary of
the atmosphere, which corresponds to certain heightYaltitude
h=A&,, E - (19)
higher than which motion can be considered Keplerian. Let us take
condition (19) as the sign/criterion, determining end point of time

t==t, on the ascent path,.

Using formulas of Keplerian theory, the not difficult initial
problem of reducing to the problem of maximization on the boundary of

the atmosphere (at moment/torque t==ﬁ) of the functional of the form

Cante N SR

«Jm 9 (Ve e s t.) @
when the limitation of the form 1s present
VR T AR LR VY W g A T .
IO IO EEN e
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Page 8.

Thus, let us consider the atmospheric trajectory phase, in which
we will assume/set the effect of aerodynamic forces predominating
over all remaining forces, which function on the apparatus, and we
will consider that the angles n and o of three-dimensional/space turn
in the limits of one immersion into the atmosphere are small:

s&w~mcmm~ﬁkm?~gcm?~h (22)
Under these conditions the system of equations (6) takes the
following form:
/= —a,pV,
8=a,pcos7, (Z3a)
h = RS;

"l=.a, psiny, . b
P @e
A=1.

We will assume that the scalar function o(V(t,), 6(t,), n(t,))
in (4), determined at end point of time t,, is such, that the
maximization of the final velocity V(t,) in the constant/invariable
ones #(t,) and n(t,) continuously corresponds to the maximization of
functional I(y). In that case as this is not difficult to show, the
solution of the initial problem about the maximization of functional
(20) under the condition of connection/communication (21) is found ~
among the solution set, which correspond to the problem about the

maximization of the velocity at the end of atmospheric section V, at
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height/altitude A=, with different fixed values of final parameters
8. % and 7. In connection with this the unknown solution can be found

with the method of the parametric optimization of values §,, w, and 9,.

We will use this fact and let us consider the case of "small"
optimum (required) angles 3i,(n, 9,) of the aerodynamic rotation of the
plane of motion, which do not exceed in the modulus/module of the
corresponding angles of rotation,57n obtained in the problem about
maximization Vﬂ at height/altitude h="% in free parameters M and ?a

constant/invariable parameter 8, and constant attitude of roll +.

Thus,
| Ay ope | < | 82, |- (24)
In this case reaching/achievement of fixed/recorded parameters
7 and ?» can be, obviously, provided without the further expenditures
of energy due to the appropriate programming of the angle of the bank
(exchange of sién v does not affect motion in the plane of :H

scanning/sweep).

Taking into account of the aforesaid, value nm and % in (6) it is

possible to unfasten and subsequently to examine only system of

equations
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(_/= —a,aV,
d=a,pkcost, (29)
o= — Rz8%. [

Let us note that since the trajectory of apparatus, which is
characterized by reflection from the dense lavers of atmosphere
(é>0), interests us, we will assume that the value maximum on the
modulus/module of roll attitude does not exceed certain limiting

value [Tmel

.I . 1!
I T N 133 \<' inpea l < 7‘ . (26)
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Page 9.

Accepting as the argument the monotonically increasing variable

§(s), we convert system (25) to the form:

dinV __ 1

d¢ —  kcosy ’

dp 29 ! (27)
T a,kcosy

As a result we come to the following task: it 1is necessary to
determine the control vy on set of allowed values (28), which
maximizes functional InV, at the fixed final values .
variable/alternating/variable P and ¢, equal to

Py p®. 8, =0°

Initial parameters V,, 6, and p, are assigned.

According to the principie of L. S. Pontriagin's maximum, the
function of Hamilton and the conjugated/éombined system of equations
take the following form:

l -
Rcosy '

:
=- (m + 74 %) (28)

2

=0, p,=0. (29)

Constant in (29) value p,, which corresponds to coordinate Inl’
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let us assign as follows:
P, == const < 0. (30

Then optimality condition of control y, which consists of the

minimizaticn of Hamilton's functionfi(y), takes the form:

/y
i % lmes ~-0PH 8 (8) <O, (31)
Topt | — { 11 min "’npu 3 (® >0,

Key: (1). with.

where
3 (8) = — (px + P ~:—.i-> (32)

there is a function of the changeover of control =~.

To the moment/torque of the changeover of boundary |7v|
corresponds certain value of argument, determined from the condition

of equality to zero functions of changeover of the formula

- P8 ‘
0, —£r % (33)

From formula (33) taking into account (30) it follows that

g,
<0 u p, <0,
S St

>0 Tmpu p,>0. @4

Key: (1). with.

Page 10.
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If we now take into account that to the condition of the
positiveness of the function of changeover it corresponds:

/'J,
a(s) l >0 npu p; <0,

<0npr p,>0, 35)

Key: (1). with.

that of (30), (34) and (35) easily is established that independent of
[p.| the minimum on the modulus/module roll attitude is optimum on
the ascent path [6(s)20] when p,<0. But if p,>0, then attitude of
roll {3l={1lais is optimum respectively on the descending branch of

trajectory [8(s)g0].

We will consider that !7laa=0. Then taking into account the
unigueness of the moment/torque of the changeover of limiting angle
of bank from the aforesaid easily is established/installed the
following structure of optimal in (25) control of the modulus/module

of attitude of roll (Fig. 2):

(n

[lexe TpH 6, <0(s)<8,; 840,

£:<0, lTop(’={ 0 nbl/u 8, <O(s)< 0 0
0 %e <O(5)<By; 0,20
n [ o TeZ Y

>0, i'ro,zl—-{mm npr 8, <0 (s)< 6, @7

Key: (1). with.

In each specific case the optimality of one or the other type of
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control is determined by the boundary conditions of task.

It is possible to show that the physical sense of parameter p,

the task in question is in connection with the following:

,d[mu (p,) .

p2=~ d?k ’ [Eln T/:. (38)

In view of the linearity of system of equations (27) function

Ini(m) is convex. Hence, for example, it follows that in the region

of the solvability of task (Fig. 3), determined (at the fixed value

of angle %) by the inequality

2 min K P20 K Px maxe (39)
in segment [Pa mini P2 masl

% L.
V' on set of permissible controls U reaches absolute
¢

maximum (/s (3 o) = sup / (7)L.

there is a unique point f=f+ at which

functional

TN



DOC = 83087402 PAGE 4 (

p) l"ﬂ s ,7’,0
2 a4,
2, 7
‘ { JupI(y)
5, l ALY
X AN ye«
o I

Al T2 ]

’4“‘ (' 1 [”‘[(.?\’
""‘Sﬂ \ ¥ f €2
=y N ’

J \\ i &\

z, z, o 2,
Fig. 2. Fig. 3.

Fig. 2. Structure of optimal roll control during single

insertion/immersion of apparatus in the atmosphere.

Fig. 3. Region of solvability of task.

Page 11.

Therefore
) 1w o
Olqus (p2) [>0 1 Pr min < Pa < Paws
dpy <O 0pH pr o <72 < P2 gus

(#0)

Key: (1). with.

Condition (40) taking into account (38) determines the

dependence of the sign of value p, and, consequently, also the




r
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structure of optimal control y from the boundary conditions of task.

For determining the limiting values of final density Psmxx and
bamo at fixed value §,,it is necessary respectively to maximize and to

minimize in (27) coordinate P at the free final flight speed. With

the help of the principle of L. S. Pontriagin's maximum we obtain the
¢ p g

appropriate programs of the control:

) (n
— . - — h'npul npu 6 (s) <0, 4
Pr = Pg min» I jopt ! { 0 %H 9 (S) > 0; ( 1)

[0 ghmte<o

P.=P.mllv Topt = l ,.rnp"ll np" e (s) > 0. (4‘_)

Key: (1). with.

Value Prs corresponds to the value of final density P» obtained
as a result of the solution of the problem about the maximum of value
InV, 1in free parameter P and fixed/recorded 8, In this case we have
p.=0, and therefore when Px=Pas

| Topt | =0. : (43)

Integrating system (27) under the laws of control (41)-(43),

taking into account (38) and (40) we come to the following

inequalities, which isolate the regions of the boundary conditions of

tasks, which correspond to sign-constancy of parameter p, (Fig. 4):
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. <0, (e?_-, b\ 1 P67
‘ 8 — 82 'H 2\ 1
0, AT e - k) — ¢
P> <P P‘\<(cosnpu 0,) TR (45)

] l,‘g

where a=




Fig. 4. To cdetermination of regions cons<ancy of sign of parameter
p;. 1 - program of the control of form (41), 2 - program of the

control of form (43), 3 - program of the control of form (42),

. ,
M=p, ~ ;.—C::T—m;; ¢n=P¢—%:- ;
‘c.--rnz—&: narcty m‘r_.—p.:'
Fig. 5. Dependence §®) for two types of optimal control --- optimal
control with p,<0 form (36), ~-- the same, with p,>0 form (37),

B e g

By the use of inequalities (44) and (45) is determined the sign
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of parameter p, for any values ? anc ¥, assigned in the region of the
solvability of task, and therefore the corresponding type of the
optimum program of control of the modulus/module of attitude of roll

[(38) or (37)].

It is characteristic that when % =7 in each of the regions of
boundary conditions (44) and (45) are valid the relationships/ratios
of form [8,/>18,] and |8,]<|8,] respectively. In connection with this the
program of control of the attitude of roll of form (36) (Fig. 5)
corresponds to the more intense flight of apparatus from the dense

layers of the atmosphere (to high values of final angle {%})

Let us note that on the basis of the physical sense of parameter
P., to condition p,<0 corresponds decrease Vimax with decrease ?s when
%, =const, or, that nevertheless, decrease Vima: with increase % when
p,=const. Hence the sense of mutual (converted) task lies in the fact
that in fixed/recorded parameters V, and f+x value 8, with p,<0(p,>0)
should be maximized (to minimize). It is analogous in fixed/recorded
parameters V, and % with p,<0 (p,>0) should be minimized (to maximize)

value P The latter is shown in Fig. 3 by arrows/pointers.

Fig. 6 depicts the typical dependence of the finite values of
the parameters of trajectory, which correspond to flight altitude

h*=100 km, and also apogee altitudes of trajectory % from the flight
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path angle %, determined at the height taken as the conditional
boundary of the atmosphere, equal to /#,=70 xu«. The value of

lift-drag ratio is accepted equal to K=1.5, and iTwa=37" (sign

y=const).
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Fig. 6. Effect % on parameters of trajectory, which correspond to

flight altitude h=h! under law of control of form (38).

Key: (1). m/s.

Fig. 7. Structure of optimal roll control during double

insertion/immersion of apparatus in the atmosphere.

Key: (1). Outer-atmosphere trajectory phase.

_ . d
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It is characteristic that as a result of an increase in the
duration of flight at the maximum roll attitude with increase/growth
8 the angle of rotation of the piane cof moticn Ai, and also the valus

of lateral deviation ¢ continuously grow.

Using the results obtained above, let us construct the
approximate program of the piecewise constant control of the

modulus/module of roll attitude for the case, when
(8 op | > | 4, 1. (46)

For this purpose in the examination of the complete system of
equations of motion (6) we will use the specific character of the
programs of control, close to the optimum ones, in the following two

tasks, which are special cases of the task in question:

a) the task about reaching/achievement of fixed/recorded angle
8, with the maximum final rate in free parameters " and %« (free angle

Aiy);

b) the task about the rotation of the plane of motion to preset

angle Aiy(m, 2 with the maximum final rate in free parameter 6,
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Specifically, taking into account that in the second task as
this was shown V. P. Plokhikh, the program of the attitude of roll of
form y=const on the functional is sufficiently close one to the
optimum, let us represent the general routine of control in the form
(36) and (37), assuming that the minimum value of modulus/moduie |7,
in (2) corresponds to certain value {y|, necessary for the rotation

of velocity vector to angle éagzﬂAhom\—ishﬁ

Thus, as a result of replacing limitation (2) by the inequality
< T € T (47)
the approximate program of roll attitude in the class of the

Diecewise constant functions takes the following form:

lmas PpE 8, <O (5) <B,; 9, <O

T 48
130 (dnpu 8, <8 (5) <8, (38)
s [171 Unpe 8,8 (s) <8y 8, 0;
>0, "‘—{m.amﬂpn b < 8 (5) < B,. (49

Key: (1) with.

In connection with task "b" in (48) we have §,=8, and in (49),

correspondingly, 6,=8,.

One should say that since the value of angle %, usually is
w
previously unknown, when 2aj, #0 the parameter |y| in (47) is subject

to optimization.
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Let us note finally that from the linearity of the system of
equations of motion (27) the analogy in the structure of control of
the modulus/module of roll attitude easily follows in the atmospheric
trajectory phases in the case of the double insertion/immersion of
apparatus in the atmosphere. In this case the type of the approximate

program of control [(36) or (37)], adjusted as a result of the

examination of the task about the maximization of the flight speed at
the end of each of the atmospheric trajectory phases at the fixed
values of the angles of arrival %o and 8i:opn  depends on the
value of the latter. Thus, Fig. 7 shows the structure of control in

connection with the case, when il <|Ai,l, [8,,1>19,11 18,2119, 1

In the examination of the real motion, described by a precise
system of equations (1), it is convenient to use the fact that the
program v=¥ is dividing two types of the approximate in (23) control,
which is characterized either by the amplification of the
fluctuations of flight altitude [formula (36)], or by damping the

fluctuations [formula (37)indicated].

Page 14.

In this case as the fundamental characteristic of the approximate
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control y apogee altitude of the outer-atmosphere ellipse of
trajectory m=h,(0,, Vi 83), can be accepted since when Pa=const, (inp
view of freedom of movement in the plane of scanning/sweep from the
angle of bank) parameters 6, and V, are wholly determined by the

s

r

ructure of control of the modulus/module of roll attitude. Then,
for example, in the case of the single insertion/immersion of
apparatus in the atmosphere when @p;~<hﬁ should be used a
structure of the control of form (36), and when A, ~2>A'—
respectively form (37). It is characteristic that if in the first
case to limitation of the type of equality h(t,)=h! to final flight
altitude h(t,) is equivalent limitation of the type of the
conditional inequality of form h(t,)zh!, then in the second case the

limitation of form h(t,)<h! is eguivalent to it.
EXAMPLE

Let s consider the task about the rotation of the plane of
motion with the yield condition at the end of the maneuver into the

point (X!, o', h!), with the maximum final rate.

The initial parameters of motion we will consider the following:

h(0)=130 km; Vv(0)=7820 m/s; 8( 0)=-1°,5; "{(0)=0.
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3V

As the limitation to the roll attitude let us take inequality of

|v1<87°.

For the construction of the program of control in the class of

the piecewise-zontinuous functions we will use formula (13).

Taking into account A44)=0 with the designations of the form

i _Esmaa ’P!(tx)l 1
cosicos L ()
| sias p“,}e;Vp.(t.)Jm t) < (Prep RY

from relationships/ratios (13), (15) and (18) we obtain

— Acosisin3d - Bcosicos3 -
' Dcosisin3 — Ecosicos3+—4sin:’ (30)

where -1=cos zsin (A —AY),
B=tg: 'cospcos (A— L") —sin 3, ~E
D=sln?cos nsin (A — A') 4 sin qcos ( x—x'),
E£=cos3cosn + g7 [sin2cosncos (A —AY) —stansin (A — ).

As a result the program of roll control proves to be
biparametric. The parameters f and § are selected from the condition

of falling in point (o', X!, h').

In the case in question is realized the double
insertion/immersion of apparatus in the atmosphere (Fig. 8), and
change y leads to the amplification of the fluctuations of flight

altitude h, since
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h:l>hx—0‘ h':=0<hl' (51)

Let us compare the now obtained program of control with the
approximate control ¥ (t) in the class of the piecewise constant
functions. Taking into account (51), let us consider the program of
the control of form (48), assuming/setting attitude of roll ¥ by
identical for each of the sections of the insertion/immersion of
apparatus in the atmosphere. As a result we come to the four-stage
approximation of function 7(t):}n!=4nl=4xmu,7g=1.¥ﬁ. The unknown
parameters are modulus/module |

|, and also two moments/torgques of

=
changeover |tlqax to value y=7v.

Page 15.

From Fig. 8 it is evident that the obtained law y(t) on the
whole correctly reflects the behavior of stepless control. The error
in the value of the maximized final rate, obtained as a result of a
similar approximation, composes the value of order 1%. It is obvious
that the accuracy of approximation can be increased, if we, for

example, vy, and v, optimize independent of each other.

It should be noted that in spite of a larger number of free

parameters, the construction of the piecewise constant program of




DOC = 83087402 PAGE )6;/
control indicated proves to be simpler in comparison with the

procedure of the use of formula (50),.
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Fig. 8. Optimum stepped approximation of control y (s).




